 179-191 (1996) 
Introduction
Exposure to neurobehavioral toxicants in the environment is an urgent international problem. The problems range from the catastrophic effects Why is the assessment of the behavioral impact of neurotoxicants important? Unlike other chemicals such as carcinogens, for which no evidence of excessive exposure may be seen for years, exposure to neurotoxicants may impact an individual's functioning directly. Thus, entire subsets of a population may experience a reduced level of function in response to the effects of acute or chronic exposures. Neurobehavioral tests provide a systematic method for documenting behaviors that are essential for optimal functioning in a technologically complex society. Weiss (2) illustrated this point in the case of chronic low-level lead exposure. For example, suppose that background lead exposure at relatively low levels (10 mg/dl blood lead) reduces scores by 5 points (5 %) on a standard intelligence test. Translated into population terms, such a shift means that, in a population of 100 million, only 990 thousand individuals, rather than 2.3 million, will score above 130 (that is, in the upper ranges of intellectual function). There would be a corresponding inflation of the proportion of the population scoring below 70. The only way in which this impact could be known is through the use of standardized neurobehavioral tests.
On an acute basis, accident rates may increase on the job or in the community due to the transitory effects of exposure. Also, acute exposures may have a differential effect on subsets of the exposed population based on individual differences in susceptibility. For the peripheral nervous system can be ascertained in individual cases or in groups of exposed persons.
Sensory systems contribute to the ability to move with coordination and finesse. Thus, impairment in tactile, visual, and auditory systems, as well as the vibratory and point position sensations will produce unsteadiness of gait (ataxia) and poor coordination. Motor functions cannot be expressed independently of the sensory systems with which they function. Feldman and White (6) summarized the basic neurologic examinations used to detect nervous system function. In addition, they describe the common electrophysiologic techniques used to obtain evidence of disturbances in brain functions (i.e., electroencephalogram, evoked potentials, and imaging) and peripheral nerves. It emphasized that electrophysiological tests may be applied differentially, depending on techniques and recording conditions, instrumentation, and methods of data collection and interpretation. Conventional methods (8-10) have been well described. The results of all these techniques are not specific to any particular neurotoxicant. The changes reflect only the physiologic process and whether or not they are affected.
Performance Teting
Performance tests are designed to assess whether an individual can do a designated job. They can be sensitive, reliable, cheap, and quick and easy to administer and have their main application when considering groups of people at the primary prevention level of public health. Performance tests may also prove useful at the secondary level, but they are not normally considered at the tertiary level unless some particular type of performance is at issue. However, it is important to remember that while performance tests may show acceptable content and construct validity (that is, they are internally consistent and can be placed in the context of accepted theories or models of performance), they can be deficient in criterion validity [the degree to which they actually reflect real-life situations (11)].
Performance tests are not normally diagnostic, although some can differentiate, for example, between colds and influenza (12) . Thus, they will not normally aid in identifying chemicals. Performance tests make no claim to reveal effects on any brain areas, transmitter systems, or even on the nervous system itself. Performance is usually affected directly by an agent's effects on the CNS, but it can also be affected indirectly through a subject's awareness of peripheral effects, real or imagined.
One of the main advantages of performance tests is that they can measure the basic factors that compose real-life performance. Thus, they have breadth of application, i.e., they can be applied in various combinations to build a picture of any real-life task. The main disadvantage is that they cannot be applied to Regarding standardization, some attempts have been made, but the resulting batteries have usually failed to achieve general acceptance, mostly on the grounds of reduced sensitivity. One notable exception is the AGARD STRES Battery (13, 14) that, after a somewhat slow start, now seems to be gaining acceptance. The basic form of the battery takes 25 to 30 min to administer and could be considered a first step in the investigation of any performance effects of suspected exposure (15 scores will be worse and could be interpreted erroneously as an effect of chemical exposure. Despite this great disadvantage, this form of control is the one that most often has to be used, and it is important that very great care is taken to match the test and control groups as carefully as possible.
When such control groups are used in experiments, it is vital that neither the subjects nor the experimenters know which group has been given which treatment. This is called a double blind procedure and ensures that there is no bias. Double blind procedures are not possible in cases of suspected exposure to chemicals, but it is important that the investigators remain unaware of the groups' identities as far as possible so that they remain free from any bias.
Learning is a considerable problem with performance tests. It will occur when any test has to be completed more than once, e.g., to check the progress of an illness, or when subjects' test scores are compared with previously obtained scores. Performance will improve with practice, which could mask any performance impairment, and lead an investigator to the erroneous conclusion that all is well. Learning Mathematical Processing. The ability to perform simple arithmetic has been identified as a discrete factor in factor analytical studies (16) , and mathematical processing tests have been used to study the effects of several drugs and effects of exposure to methyl chloride (17) .
Mathematical processing tests vary in their complexity and sensitivity. One of the first of these tests was the paper and pencil Number Facility (NF) test (16 (18) . The test consists of several sentences, each followed by a pair of letters-AB or BA. The sentence describes which letter comes first, and the subject has to say whether the description is true or false. Examples include "A follows B-AB", "B does not follow A-BA", "A is preceded by B-BA".
The test is related to the ability to comprehend the structure and syntax of English and has proved sensitive to a variety of environmental stressors. However, its main disadvantage is that it is restricted to English. Attempts to translate to other languages have met with varied success, e.g., German rarely uses the passive voice. The AGARD STRES version of this test tried to remedy this defect by increasing the number and complexity of the comparisons that had to be made, but the sensitivity of this version has yet to be fully assessed.
Spatial Processing. Spatial processing, like mathematical processing, has been identified as a discrete factor in factor analytic studies, and a variety of tests have been reported to assess various subfactors such as spatial relations, spatial orientation, and visualization. Some of these have found use as performance tests. They all use spatial or graphic items that are impossible, or at least very difficult, to verbalize.
One is the manikin test in which a stylized picture of a human figure is shown holding an object in one hand. The figure may be presented at any angle, forward or reversed, and the subject has to say which hand is holding the object.
Another is the Shephard and Metzler block test (19) (27) . Of course, if these tests are applied in different cultures or languages, then consideration must be given to the impact of these modifications on the test results. For example, normative values generated from one culture or country may not be applicable to a different culture.
The following is a discussion of the tests commonly used to evaluate each of the functional domains. (36) is a test of visuospatial problem solving for which minimal verbal skills are required. Block design from the WAIS-R has also been extensively used. This task involves putting blocks together to mimic a design while being timed. Additional points are given for quick performance, but a design must be completely correct and performed within the time limit to receive full credit. Thus, speed as well as visuospatial ability contribute to performance.
Memory. Many tests of memory are available. Among those most frequently applied in the field of neurobehavioral assessment are subtests from the Wechsler Memory Scale-Revised (WMS-R) (37) . The Paired Associates test from the WMS-R involves the verbal presentation of four easy and four difficult word pairs over six separate trials. The correct answers are summed over the first three trials. The purpose of this task is to evaluate the ability of the individual to encode verbal information. Delayed recall is also evaluated after a 30-min delay. This task is relatively simple compared to the California Verbal Learning Test (CVLT) (38 representative of the general U.S. population, this is listed as a weakness for the specific test. Another advantage of the tests listed is that standard instructions for test administration are provided in the test manuals. This reduces the variability due to differences in examiners. A universal disadvantage of these tests is that they must be given by an examiner with some experience and training in test administration. This increases the time involved and cost of administering a battery of these tests. However, the equipment required to give these tests is inexpensive, readily available, and quite portable. Thus, the primary cost of testing is for personnel. Finally, while many of these tests may be administered by a well-trained technician, interpretation of the results from an individual or group requires the expertise of a professional trained in the use of these tests and their applications.
Developmental Assessment
Research on numerous substances, including lead, alcohol, methylmercury, and polychlorinated biphenyls (PCBs) indicates heightened susceptibility of infants and children to neurotoxicity, particularly when exposure occurs early in the course of development. By contrast to the effects of acute adult exposures, which are frequently transitory, the effects of exposure during development are often more persistent. Moreover, effects of in utero exposure on the CNS often do not become evident for several years, that is, when the affected cognitive or behavioral system matures. In the case of industrial accidents or other acute exposures, particular attention needs to be given to effects on offspring of women exposed during pregnancy.
Much of our knowledge of the effects of neurotoxic exposure on development comes from prospective, longitudinal studies in which exposed infants are recruited prenatally or immediately after birth and assessed over the course of development. Prenatally, vulnerability of a particular brain structure or region may be heightened, particularly when exposure occurs during a period of rapid cell division or cell migration. After delivery, the blood-brain barrier and a more highly developed drug-metabolizing capacity may provide protection not available in utero. Because brain development and mylenation continue for several months after delivery, there may also be heightened vulnerability during infancy. Given the unique vulnerability during early development, the cognitive and behavioral deficits seen in adults exposed to a particular chemical may provide little indication of the types of neurobehavioral impairment that might be expected in infants and children exposed during development.
The test used most extensively to evaluate neurobehavioral function in the newborn is the Brazelton (45) Neonatal Behavioral Assessment Scale (NBAS). The NBAS, a 30-min examination procedure, assesses 17 reflexes and a range of behaviors including muscle tone, activity level, attention and orientation, and arousal (46 (56, 57) that regarded infant development as a series of milestones programmed to emerge over time. As a result, at each age only those domains in which new behaviors are emerging are assessed in detail. Nevertheless, given the Bayley's sensitivity, it is probably advisable to include it in any assessment of the effects of a previously unstudied exposure.
An alternative approach to infant neurobehavioral assessment is provided by certain newer tests of infant cognitive function exemplified by the Fagan visual recognition memory test (57) . In the Fagan test, infant patterns of visual fixation to familiar and novel stimuli are used to assess recognition memory and visual discrimination, two processes that are fundamental to intellectual function during childhood and adulthood. By contrast to an apical test like the Bayley, the Fagan takes a "narrow band" approach and will provide an indication of neurobehavioral deficit only if there is a neurotoxic effect on one of the specific domains of function that it assesses. Nevertheless, the Fagan has been found to be sensitive to prenatal exposure to PCBs in human infants (58) , to methylmercury in rhesus monkeys (59) , and, when scored in terms of information processing speed, to prenatal exposure to alcohol as well (60) . By contrast to the Bayley, the Fagan has been found to be moderately predictive of intellectual function during childhood (61) .
Visual acuity can be assessed during infancy by means of a new procedure developed by Teller et (51, 63) , alcohol (64, 65) , and PCBs (66) . Effects on school achievement can also be assessed directly by administering standardized school achievement tests in such domains as reading, math, spelling, etc.
Neuropsychological tests available for use with children include the grooved pegboard and the Wisconsin card sorting tests. One of the most frequently used performance tests is the continuous performance test (CPT), which has repeatedly been found to be sensitive to the effects of prenatal exposure to alcohol (67) (68) (69) (70) . The Sternberg memory search test can easily be used with school-age children, and a mental rotation test designed by Kail (71) is also available, which measures RT in discriminating between mirror images of rotated letters to assess mental manipulation of visual images.
One very important potential confounding influence in neurobehavioral assessment during childhood is quality of intellectual stimulation and emotional support provided by parents. In some studies, chemical exposures have been found to be so confounded with such influences that it was not possible to evaluate their effects on intellectual development (5) . One important advantage of performance tests over IQ and school achievement is that they are markedly less affected by socioenvironmental influences (5) . Infant tests administered during the first year are also much less likely to be confounded with social environment (5, 72) .
One of the principal advantages of a prospective longitudinal approach for evaluating developmental toxicity is that it provides an opportunity to assess exposure during the potentially vulnerable prenatal and infant periods. Retrospective Over time, such a database would also be useful for investigators interested in conducting metaanalyses to integrate data from diverse studies using similar measures to investigate the neurotoxicity of a given chemical exposure. There are pr6bably already sufficient data for such an analysis in the neurotoxicity of organic solvents. As indicated by several of the papers in this volume, more information is also needed about the validity of repeated assessments using these measures to track recovery or deterioration during the period after an exposure has occurred.
One issue that warrants increased attention is individual differences in vulnerability to exposures. We have already reviewed some of the evidence indicating the heightened vulnerability found when exposure occurs in utero or during infancy, and it has been suggested that vulnerability may also be increased by the process of aging or when individuals are under stress (74) . Drug studies have demonstrated individual differences in vulnerability in women that are related to variations in hormone levels. Such differences might be expected for neurotoxic chemicals as well, particularly those like PCBs that are known to affect hormone levels. Evidence of multiple chemical sensitivity reviewed by Fiedler (3) also indicates the importance of increased attention to individual differences in susceptibility.
Finally, although assessment of neurobehavioral outcome has been the principal focus of this chapter, it is critical to recognize the importance of obtaining as concurrent and reliable an assessment of exposure as possible. For studies of substances such as lead and PCBs, which leave detectible biological residues, this would mean obtaining blood or other tissue samples as close to the time of exposure as possible. For others, detailed documentation of extent of exposure (e.g., proximity to the spill) should be recorded in an official government registry. Often government assistance can be made contingent on registration. Concurrent measures of exposure are critical for investigating long-term consequences, which may not become evident until several years after the fact. Wherever possible, it is important to document not only the fact of exposure but also its extent to investigate doseresponse relationships and lowest-dose thresholds at which neurotoxic effects first become evident.
